INTRODUCTION
Recently environmental protection and sustainable development have been considered significant. It is very important to exploit biomaterials instead of petrochemical resources. Bamboo species are distributed throughout the tropics, subtropics and temperate zones in the world. Due to its low cost, utilization of bamboo has attracted increasing attention in the world. However, the research is limited to carbohydrates, and completely effective use of the bamboo resources has not been achieved yet.
In the concrete, the accumulation of bamboo in Japan is in the range of 3~3.6 million tons in the dry weight. It is estimated to be 360 million tons as an amount of the resource in the world. The annual production of bamboo is 20-30 tons/ 100-120 tons of present stock. It is higher than either of the rainforest, temperate-zone hardwood forest and field of grass [1] In our previous study, the conversion and separation patterns of bamboo lignocellulosics through the phase-separation system have been investigated. Through short time phase-separation treatment without ultrasonic irradiation, bamboo lignocellulosics were separated into carbohydrates and ligno-p-cresols more rapidly than woody materials. The yield of ligno-p-cresols (ether insoluble) derived from bamboo is ca. 80% to its Klason lignin, and the other ca. 20% is ether soluble. The yield of carbohydrates derived from bamboo is nearly 100% to holocellulose [2] . The 1 H-NMR(Nuclear Magnetic Resonance), FT-IR(Fourier Transform Infrared absorption spectrum), pyrolysis GC/MS(Gas Chromotagraphy/Mass) and TMA(Thermo mechanical analysis) analytical data indicated that the characteristics of bamboo ligno-p-cresols were basically similar to hardwood ligno-p-cresols. However, a part of p-hydroxyphenolic acid in bamboo lignins remained in the molecule even after phase-separation treatment, due to the solvation effect of cresol [3, 4] . Bamboo ligno-p-cresols had high protein-adsorption capacities, comparable to wood ligno-p-cresols, which were 5~10 times higher than conventional lignin preparations.
In conventional researches, it has been known as a unique feature of bamboo and grass lignins that they contain 5-10% of esters of p-coumaric acid accompanied by ferulic acid in small amounts [5] . The occurrence of the esters of p-coumaric acid in bamboo was demonstrated by Shimada et al., in dicating that the majority of p-coumaric molecules in bamboo and grass lignins are linked to the α-position of the side chain of lignin molecules [3] .
Furthermore, in this study, the structral characteristics of bamboo ligno-p-cresols were discussed in detail. As a part of p-hydroxyphenolic units (H units) esterified to native core lignin still remained in ligno-p-cresols, the separation of H units from core lignin has been done in alkali conditions. The structure analysis of hydrolyzed H units is done with UV spectroscopy measurement. Bamboo species are distributed throughout the tropics, subtropics and temperate zones of the world. Many bamboo species, ca 1000 species and 100 genera are known [6, 7] . They generally possess some unique features in common, such as the culms are connected by dense rhizomes, new culms are reproduced asexually every year with a rapid growth rate, culms do not carry out secondary growth and sexual reproduction is conducted at long intervals ranging from 3 to 120 years [8] . The genus Phyllostachys is one of the largest genera of bamboo and about 30 species are known in the East Asia [9] . The accumulation of bamboo in Japan is in the range of 3 ~ 3.6 million tons in the dry weight. It is estimated to be 360 million tons as an amount of the resource in the world. The year production of bamboo is 20-30 ton/ 100-120 ton. It is higher than either of the rainforest, temperate-zone hardwood forest and field of grass [10, 11] .
The potential of bamboo forest as a sustainable molecule forming fields is evaluated through the phase-separation system by the performance analysis on molecular refining characteristics.
EXPERIMENTS 2.1 Alkaline hydrolysis
Bamboo ligno-p-cresols (500 mg) was dissolved in 200 mL of 1N NaOH solution was kept for 72 hrs at 40℃. The solution was acidified (PH=4) with 1N HCl and the precipitate was filtered off. Lignin residue was washed with a small amount of hot water. Filtrate and washings were combined and extracted with ether (100 mL×4). The ether layer was extracted with saturated NaHCO 3 solution (100 mL×5), and the aqueous layer was acidified with conc. HCl and re-extracted with ether (100 mL×4). The ether fraction was then washed with saturated NaCl solution and dried over anhydrous Na 2 SO 4 . Removed of the solvent in vacuo gave crude crystals of p-coumaric acid (p-CA), which were determined by measurement of the absorbance at 336 nm in the alkaline 2-methoxylethanol solution [4] . The ligno-p-cresols received after alkaline hydrolysis is called for sap-ligno-p-cresols in this study.
NaBH 4 -reduction difference curves
To 10 mg ligno samples (bamboo ligno-p-cresols and bamboo sap-ligno-p-cresols), 0.1 N NaOH solution was used to measure it up to 25 mL, which was defined as original solution. Furthermore, 3 mL original solutions was diluted to 25 mL with 0.1 N NaOH as reference solution. On the other, 3 mL original solutions was added in 0.6 mg NaBH 4 and then diluted into 25 mL with 0.1 N NaOH solution as reduced solution. The NaBH 4 -reduction difference curves were measured on a JASCO V-560 spectrophotometer. They are measured continuously in wavelength region of 200-600 nm [12, 13] .
FT-IR spectra
FT-IR spectra were obtained on Perkin Elmer Spectrum GX FT-IR Spectroscopy using KBr dics (sample: KBr=3 mg: 200 mg). The spectra were recorded in the range from 400 to 4000 cm -1 with a resolution of 4 cm -1 over 32 scans. The regions from 1600 to 1700 cm -1 of FT-IR spectra were compared between bamboo ligno-p-cresols and bamboo sap-ligno-p-cresols.
UV-Vis spectra
Ultraviolet and Visible spectra of bamboo sap-ligno-p-cresols were determined on a JASCO V-560 spectrophotometer. They are measured continuously in the wavelength region of 200-600 nm. The absorbance at 300-400 nm was compared to original spectrum.
Thermo mechanical analysis (TMA)
Thermo mechanical analyses of ligno-p-cresols were performed on a SEIKO EXSTAR 6000 TMA/SS. The method for measurement was the same with that in [2] . The solid-liquid transitions of sap-ligno-p-cresols were measured by programmed heating from 50 to 250℃ (2℃/min) under 200 mL/min of N 2 .
2.6 Molecular weight distribution of bamboo sap-ligno-p-cresols Gel permeation chromatography (GPC) of ligno-p-cresols was determined on SHIMADZU CLASS LC-10 system in the same conditions with ligno-p-cresols [2] .
RESULTS AND DISCUSSION
It has been known that p-coumaric acids (p-CA) is connected to bamboo and grass lignins through an ester linkage [5, 14, 15] . Nakatsubo et al. [16] recently reported that several aliphatic carboxylic acids were introduced to α -position of quinonemethide of guaiacylcerol-β -aiacyl ether which is a model compound of an important intermediate in dehydropolymerization of lignin monomers. According to the reaction mechanism between quinonemethide and carboxylic acid, p-CA is possibly incorporated to α-position of the lignin side chain. On the other hand, Shimada et al. [3] indicated from the modification reactions of lignin that the major portion of p-CA in bamboo lignin is linked to the terminal γ-carbon of side chain, although the minor portion of p-CA is present at α-position. Furthermore, the amounts of α-and γ-esters of p-CA in bamboo MWL (Milled Wood Lignin) had been estimated on the basis of the results obtained using model compounds. The results suggested that the portion (about 80%) was esterified with γ -hydroxyl groups of side chains, especially of α,β-saturated ones, in lignin molecules [17] . Our researches indicated that the characteristics of bamboo ligno-p-cresols are similar to hardwood ligno-p-cresols, however a part of esterified p-hydroxyphenolic acids remained. In this study, the structure characteristics of bamboo ligno-p-cresols was analyzed with alkaline hydrolysis in more detailedly.
Yield of bamboo sap-ligno-p-cresols and H units
After the bamboo ligno-p-cresols (500 mg) treated with alkaline hydrolysis as shown in 2.1, the weight of insoluble lignin residue was 288 mg, the yield of bamboo sap-ligno-p-cresols was 57.6%. The structure characteristics of separated H units was analyzed with UV-vis spectra, but the quantification was difficult to do in fluffy for the two many steps of extracting it.
NaBH 4 -reduction difference curves
The original bamboo ligno-p-cresols and bamboo sap-ligno-p-cresols were treated with NaBH 4 in alkaline conditions. The NaBH 4 -reduction difference spectra were compared with each other (Fig.1) . Both the original sample and sap-ligno-p-cresols can not be detected absorption after one hour reduction treatment. However, after 24 hours and 48 hours respectively, shoulder peaks were observed obviously at 310-360 nm of the original sample, smaller absorptions were observed at the same region of the saponification samples. The esterified p-hydroxyphenolic acids in the γ-position were separated from core lignin through the alkaline hydrolysis. But a few of phenolic aryl-α-CO groups might not be hydrolyzed in the alkaline condition， so that the smaller aborptions were seen. This is based on the conclusion that NaBH 4 reduction method differentiated between different types of conjugated CO groups present in MWL [18] . Etherified aryl-α-CO groups and coniferylaldehyde group are reduced very quickly, while the reduction of phenolic aryl-α-CO groups might take several days.
FT-IR spectra
In our conventional studies, it was reported that a distinct C=O vibration belonging to carboxyl or ester group at 1730 cm -1 is found in bamboo ligno-p-cresols, the peak was disappeared completely after alkaline hydrolysis (Fig.2b) . It can be concluded that the separation of p-hydroxyphenolic acid from bamboo core lignin had been succeeded.
UV-Vis spectra
As same as original bamboo ligno-p-cresols, UV-vis spectrum of bamboo sap-ligno-p-cresols was characterized by a sharp band at 280 nm, a shoulder at 300-370 nm was not observed (Fig.3) .The UV-vis spectrum pattern of bamboo sap-ligno-p-cresols is agreeable to its of softwood ligno-p-cresols. That is to say, bamboo ligno-p-cresols have the addition structure of a useful mono-phenol to the core lignin by the ester bond. It is possible to separate it according to the purpose.
Thermo mechanical analysis (TMA)
The TMA curves of bamboo sap-ligno-p-cresols revealed volume decreasing at 205 ℃ due to the solid/liquid phase transition. The transition points of bamboo sap-ligno-p-cresols showed 30℃ higher values than bamboo original ligno-p-cresols. After saponification treatment, the ester bonds posited in  -carbon were cleavaged, and many aliphatic hydroxyl groups were exposed. The H bonds between the hydroxyl groups made to have so higher solid/liquid phase transition point.
Molecular weight distribution of bamboo sap-ligno-p-cresols
Weight average molecular weight (Mw) of original bamboo ligno-p-cresols are 3877, number-average molecular weight (Mn) is 2243, polydispersity Mw/Mn=1.73. Mw of bamboo sap-ligno-p-cresols is 2839, Mn is 1621, polydispersity Mw/Mn=1.75. Weight average molecular weight of bamboo sap-ligno-p-cresols is a little lower than bamboo ligno-p-cresols for the reason of cleavaged of ester bonds of p-hydroxyphenolic acids, but the polydispersity showed almost the same data with bamboo ligno-p-cresols. 3.7 UV absorption spectra of p-coumaric acid and ester p-hydroxyphenolic acid in bamboo ligno-p-cresols
The ether extractives of the resulted soluble fractions after acidification through alkali hydrolysis were achieved as yellow mucilage. The UV/vis spectrum of its dry sample was compared to p-coumaric acid in alkali conditions in the method same to it was accounted in 2.4. For the region of absorption is not completely accord to a, b, c and d, it can not be concluded that the H-units are mainly composed with p-coumaric acid here. The ester stabilizer has to be paid attention, it need to be confirmed with GC in detail.
Potential of bamboo forest as molecule forming fields
Based the data showed in literatures [2, 19, 20] through the phase-separation system, the yield of aliphatic compounds (carbohydrates) is about 80% to bamboo meal, and the yield of aromatic compounds (lignophenols) is about 16% to bamboo meal. Therefore, bamboo resources have the potential of providing 5.76×10 5 ton of aromatic compounds and 28.8×10 5 ton of aliphatic compounds with the increase of 4.8 ton/year of aromatic compounds and 24 ton/year of aliphatic compounds every 100-120 ton of present stock. Furthermore, the H units included in bamboo lignin can be separated for the different purposes. p-Coumaric acid is believed to reduce the risk of stomach cancer [21] , by reducing the formation of carcinogenic nitrosamines [22] ; ferulic acid may be useful as a precursor in the manufacturing of vanillin [23] ; p-hydroxybenzoic acid is known as preparation of its esters, which are used as preservatives in cosmetics [24] .
CONCLUSIONS
As distributed before, after the phase separation treatment, H-units were still remained for the p-cresols solvation effect in bamboo ligno-p-cresols. In this study we separated H-units from bamboo ligno-p-cresols, the analytical data had shown the core bamboo ligno-p-cresols have same features with wood ligno-p-cresols. And the H-units are not only composed of p-CA, but also ferulic acid and p-hydroxybenzoic acid. All of them are useful resource in organic chemical industry. In summary, through phase separation system, we can get both additional structure of useful mono-phenols and lignin-based polymer from bamboo. Bamboo can be thought as a kind of developed biomass resources compared to wood in the phase-separation system. 
